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~& ctnceot o£ the fluorescence energy transfer ( FRET) 

cucraested by Carmel et al . 
S ubstrate for hvdrclytic enzymes was n»t suggeste / 
,„« 30 - -14(197:)),- they described a trypsin substrate 

9 ^a! protease substrates have -en described using 

,„ cV . aooro.chthe donor fluorcphcre and acceptor 
principle. ... - ^ co fa> cleav . d ind ar e 

donor and acceptor which is made manifest by 

florescence . Here the acceptor mo.ety does not need to be 

rluorescence absorption maximum should 

„.,,..,., r - i;ri,_:, „. ,.,„ 

rx:r - - ■• • - 

. . subs-ates are particularly useful for proteases that 
Energy transfer subs--.. a ^ ^ ^ 

„coa»ition sites are conveniently measured using peptides with 
fluorcgenic or chromcgenic leaving groups. 

Pr .« r - FRET substrates are limited to fluorophores that 
- uv ^-tat-on. This limits their use especially in compound 

- ~~ — — ~ — 

scr - n J . . . 1 . v , et . rato This aenerally 

bached during synthesis cf the peptice *ubstrat_. 



at.acr.e - and know . h ow relating to their use. 

or a given substrate. 

Kang et al ,Tet. Lett.. 19.0, 11. «4«-«»«> d «=» be ' 



he preparation of fluorcgenic HIV protease substrates 
idition o 

cubct-ac-. However, as the authors 



method for tns y^- ac _ ntor snecies to the N- 

which involves the addition or donor «nd ac-,^ - ____ 



and C- termini or » pe_~-- - " inc lude fluorophore 

paper does not di-clo,. a generally applicable approach. 

=c al Med . chCT . 1992. iS. 3-757-3730) describe 
''"^T "rte-i. of r P-ET substrates which employs a (donor) 
, method for the tivativa „ hich is produced during 

peptide synthesis. deriva tive does not 

' M ^"rlera dif'fere. — - derivative needs 

the peptide synthesised afresh. — - 
optimum donor is therefore not straightforward. 

,„ „,v. now devised a novel and advantageous method for 
— — ! e i t e ootids. T his .a~ a 

=ha ^::;^:~ dr. i - — . « — 

Wiae ron9 " . . to fch . peotid e structure. Accordingly, 

r, a 'irst aspect of the present invention we provide a ^ 
tho d preparation of a peptide substrate for proteolyt.c 

1 g I an a donor or acceptor species attached via a sr e 
I 1 of an am.no acrd therein which method comprises contact. . an 
■ Ee r-==tiv« donor or acceptor species with a poiypept.de 

l:;: . side ^ « . - — — - 

reaction therewith. 

above method is preferably used to prepare rut protease 
. ^-."^ng appropriate donor and acceptor species on opposite 
• U °*"- e " 1.;;. lavage site. This is achieved either by 

sides of a pro.eolyt.. . g MlvMDtld . substrate with the 

orior or subsequent reaction o> ttt- »=•-,. - 



-series By "corresponding" 
rfl9 r t -/e donor or acceptor 3 pecies. y 
correspona-ng t. the n a suitable energy 

- - ~ i : : :n:;;i:i::r:;;i^ . ~ — . *< — 

amino acids therein. 

The polypeptide substrate 1. conveniently prepared by direct 
7 ample as outlined in solid Phase Peptide synches- E 
synthesis. '« ' The polypeptide substrate 

At herton and * = - - _ ple D- ) amino acids 

may comprise natural or — ' or any Ration 

joined by natural or modified peptide Images. 

thereof . 

Th e sit-s on the polypeptide substrate for attachment or 

t or soe-ies are conveniently provided by ammo 
reactive donor and acceptor spe.re ^ ^ ^ 

- — :::: -l. — 

D pr- roun is naturally present in the seouence, this 
•,, h ,re no 9 " t pQlnc , pre£ara bly by replacement 

MY be introducea at any be 
, „ no„-c-ici=al residue. 3y »y Ch * th ' 01 

modified. 

amatively, the sites on the Polypeptide substrate may be 
- ^ir-i'^ modified residues aurmg 
■ ^TZZr?-:*ZZZ the side Cham of an — 
pept.de synthesr . ^ . sifie chain of any ammo 

acid „ we tneretor._ no - ^ 

acid, whether mod^ed .r -ep- e repl , ci „g the 

we do not exclude attachment via anv -or./-..i- . 

. om - -he a-carbon o£ the amino acid resraue. 

hydrogen acorn -r.e 

r b . aooreciated that the donor and acceptor species 

b ^L"c- attachment are selected such that proteolytic 
and therr m-.ns - significant extent, 

cleavage of the suostr..e is not 



■ - „f f h» sel-cted oeotide is. chosen to be a 

ln ^, ^ h-c.^ < - ■ - - cie _ ge such that 

--■ =raice from trie »ice f- 

""^Zt 3 am- acids *~ cleavage site. «o« 
i. conveniently .1 o£ actictaent £Qr ths 

conveniently more tnan = . uU~wi 

- -v,= < n <s se^cted so as not to 

— !.r ai:::. -s ^» - — <° - 

significant « ^ , . 

— - * «y - - - - ; sroteolyci= cl _ ge . T „e total 
amino acids away trom -he u ^ ^ 

distance between attaint ■««^~ 4 ' ^ do ^ „ ish „ ba 

amount of energy transfer can occr. >miis 

aw . . „ = hbi5 , W iii deDend on the 3 

bound by theoretical, considerations, this will 

dimensional conformation adopted by the peptiae xn solution. The 

can b- o-dicted by assuming both a linear structure, and 
V ° rSt :i I. d Lcounts for 3.3 angstroms. Hence for 5 0 % energy 

™:: s :;: . —b, — - — - r er of 
x,«. APP «_ - 

- attachment of the donor and acceptor s.ecxes 
.ill be apparent to the scientist of ordinary skxll. - - " 

«ri rhiol ch-mistr/ is employed, the polypetide 
M'n=r e amino ana tnxox 

, rst i y contacted with a donor or accepter 



subs-ate is conveniently firstly coacc- — 

_ 0 a . c - ch f^s via the side chain of an ammo acid 
soecies so as no att«cn t— s - ^ 
' ;^ B <„ ,,e resulting substrate is then contacted witn a 
corresponding donor or acceptor species so as to proviae a 
orotease substrate. 



Therefore in - 

» • ^„ = »PET orotease substrate 
substrate navxng = =w. cn»-n 



referred aspect of the present invention we 



fa ~ «act^on with an appropriate reactive donor or 

-onvenient reagents for reaction a, thiol groups include 
. ,« derWatised with maleimido or haloacecyl groups. 

:;:::ri: ri:;: ^ — - — — - 

ihes- may amounts purification of the peptide 

■„„f<i, stoichiometric amounts . FUtl " 
~-L: excess reagent, if Present may c — - 

ach ,,,ea for example by gel filiation or reverse phase 
methods, for example extraction, may be devised. 

convenient reagents for reaction at amino groups include 
doncr/.cceptors denvatised with isothiocyanates active ester, such 
1S succinimidyl esters, of carboxylic acids or sulphonyl halid., 
Z I are oeneraliy reacted at moderated airline P H in an exces 

: ;; tha -**~«- - y * — - * 

f „;^ iOT or reverse phase hplc. Other methods, for example 
extraction, may he devised by the person of ordinary 

convenient donor and acceptor reagents for us. in the 

whod . of the invents. «U1 be apparent to the chemist of ordinary 

I; such species include those disclosed in -Molecular Probe. 

Handbook of fluorescent .robes and .search Chemicals.. - ^ * 

Haughiand - Molecular Probes me. « a desired reagent is not 

• ,v, avai^bl- its synthesis will be evident to the above 
commercially aJaiiaDi- — = 

chemist of ordinary skill. 

T£ d . si ,ed only one type of group is reguir.d to achieve 
attachments donor and acceptor species. By »ay of example only 
a;,. e , thiol groups, conveniently thiol groups are reared. 
A dditi=n . t approximate,, scholar ammounts of appropriat, . donor 

^n,Hr-s a mixture comorising about 50-. of the 
acceptor reagents provicss a m-<^- 

desired substrate. 

Th e above methods may be applied to any convenient substrate 



ind 



or prot 



,-olvM= cleavage. A particular substrate is big endothelin. 
t b , =c ^ecxated that any convenient part of a substrate 

3a l:; ^'be used provided that the recognition site(s) and site 
for proteolytic cleavage are present. As convenient example is big 
endothelin [16-38] . 

Th . above methods may be applied to the synthesis of 
=ubstrates for any suitable protease, for example trypsin, 
Ihv-otrvo-in. elastase, thrombin, endothelin converting enzyme, 
angiotensin converting enzyme, HIV protease, matrix degrading 

collagenases, pro-hcrmoneprocessingenzy.es, pro-cyto.xne 
1, growth factor processing enzymes and signal peptidases. 

It will be understood that more than one donor and acceptor 
s.eoies may be provided on the FRET protease substrate although in 
practice more than two pairs is less convenient. 

Tn a fur ther aspect of the present invention we provide a 
F * ET protease substrate when prepared by the method of the invention. 

It wi- b- clear from the above that the present invention 
- 110 v- a wide range of donor and acceptor pairs to be readily attached 
V^- oeotide structure, enabling the most suitable pair to be 
L^t-d ' Factors that may be considered in this selection include 

u, £ i of activity obtained, the degree of energy transfer (which 
"V^-rmin. t*. initial level of fluorescence of the substrate) and 
,he excitation and emission wavelengths of the donor or acceptor. 

p articular use of the present invention is in the 
.o-h-^ of"«ET protease substrates for compound screening, for 
-"-.""I < n oharmaceuticai and agrochemical areas as well as more 
^n-ral research. For these procedures the absorption wavelengths or 
-.he'maiority of test compounds are preferably avoided. 

It will be appreciated that the FRET protease subtrates of 
.h. mention may be used in a variety of homogeneous and 
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neurogenous ~.y *>r CMtin, compounds individually « « 



mixtu 



„ . further aspect of the present invention we prov.de a 
FR , T -otease substrate comprising a visible light fluorophore. The 
" or^hore is preferably attached after synthesis of the polypeptide 
~Z» of Che protease substrate. The visible light fluoropnore is 

i p £ .rab!y attached via. side chain of an amino acid comprised 
II the polypeptide chart. Suitable visible light fluoroses 
(elation maximum of the donor above about 350 nm, includ- 
a^C, -cifer yellow, acridine orange, rhodamine and its 
de-ivatives. for example tetramechylrhodamine and Texas *ed. and 
nuor.scent chelates or cryptates of Europium. A preferred 
fiuorcphor. is fluorescein. 

suitable energy transfer pairs may be found in the 
^.racure. for example in Applications of Fluorescence rn 
:_says ,1.A. HemmUa. Wi-y mterscience, »,1 , « .may e 
devised by . person of ordinary s*iil in accordance with energy 
tester principles for example as outUned by J.R. L*o««. 
Principles of Fluorescence Spectroscopy, Plenum, 1563. 

«e method of the invention will now be illustrated but not 
limited by reference to the following, 

A desired peptide seouenc, is selected which encompasses the 
site for proteolytic cleavage. 

X oosition C-terminal to th. site which can be mutated to 
cysteine and used as an attachment site without loss of substrate 
activity ^ selected. 

3 , The above peptide is syr.rhesised with: 

a, a free H-terminu. (the C-termmus can be free or abated 
as required) ; 



W a»v lysi.es c-terminal » t*. .it. t« proteolytic 
o. -on.id.red to be non- tolerant with respect to enzyme 

"or:::;:: :::- — • » ■ — ^ (eg - arsiniM 

or dimethyl lysine, or reversibly protectee,. 

c, any lysines n-terminal to the site for proteolytic 

^ -i f they are considered to be 

— - - — d irr, °. ; Z a a Un which case the 

tolerant to conjugation, can be left 

M-terminus may be modified if desired) ; 

The oe.tide now has one or more a m ino groups on one side of 
' " on th- other side. A wide range 

the cleavage site and a un^e thiol « ^ £lu orcphores and 

o£ thiol reactive and amino react,, d « »- 

i^i*^ are available commercially, inc-uaj. y 
eocePtor »o ecu ^ ^ ^ ^ psptide 

:: e :: ^1 := . — - =— < —* 

~ U . j -^^oni- nai>-s and in different 

transfer substrates with difrerent pai.s 

orientations . 

„„e~ big endothelin t l,->.) i« — " "» ™ 

^st-ate th/above co.plicat.ons do not apply Since there are no 

L have evidence that for thi. substrate the cno.ee of 

^ Y °"" ' u e , fln< ficant effect on activity and that 

:„:::::: :;: r,r- — - - — is 

very useful . 

cotides contarning free cysteines are unliXely to be « 
- bat antic- oat. that these can be accomodated in an analogous 
fashion to the approach described above for lysine. 

-he mention -111 no. be illustrated but not United by 

reference to the following Example. ? ^ures ■ 

- «fl"Hons as measured 

, iaur - i illustrates the course or two rea-ons 

<x-ari«0 and fluorescence units (Y-axis). In the 
,^>, vasn^ct to time (X-aAl-' 

::;:/:: ,h^ substrata ., is added to the reason mature 
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„be-eas in the second botb strata A and ^ are added. 

don =dded to MrtM. thi. -cond, „«y~ ««ly..d. 

Phosphorarr.iaon. _s _aaeu 



reaction . 



FigU re 2 snows the increase in fluorescence obtained over 
• lUrac o as substrata for tbe staphylococcal ™ protease 
! 3 " t be reaction piateaus at a level oa ti„es bi g 'ner 

T : - i "... ^ — — - 

quenched . 



Example 1 



Preparation, of 



starting peptide 



The peptide sequence selected was derived from that of human 
big er.dothelin-i, 16-37, with Glu-26 changed to Cys : 

-1= r-e T-n val -^sn Th-.Pro.Cys.His.Val.Yal.Pro.Tyr.Gly. 
H . His . Leu. Asp . ile . ixe. Trp . 'ai..isn. i « i 

Leu . Gly . Ser . Pro . Arg . OH 

This peptide (peptide I) was synthesised on a polyamide 
support using conventional Fmoc chemistry, as described in Solid Phase 
Peptide Synthesis, E Atherton and R C Sheppard, IHL Press, 1989. 



Preparation of ' revs fluoresc 



:invl) peptide 



To a solution of peptide I in water (2mg/ml) , was added an 
-ouimolar amount of S-maleimidof luorescein (Molecular Probes, added as 
5 mM solution in DMSO) . After 10 minutes, 0-3 volumes of 0 . 1M NaHC03 . 
0.9% llaCl buffer ?K 9.5 added. After a further 10 minutes a sample 
was assayed for thiol content using Eliman's reagent. The thiol 
content was found to be zero indicating complete coupling. 

o^nsratior r>? ^trame^-^aminv? '■ fCV/B-261 f 2 no^r^nvl) peptide 
( cnhs-rate A) 



To ( iCvs-26] fluorescein;/! ) peptide I was added 20 mM 
'tetramethylrhodamine isothiocyanate (Molecular Probes, either R or G 
isomer or mixture) in DMSO to a final concentration of 2 mM and the 
reaction incubated at rccm temperature overnight in the dark. The 
mixture was desalted on a column cf Sephadex G15 equilibrated in 
water. The U7/visible spectrum showed peaks of similar size at 49Snm 
=r , - 53nm indicating the prescsnce of aproximately equimolar amounts 
of both fluorescein and tetramechylrhodamine moieties in the peptide. 



■reparation of dime 



■' fCvs-261 fluoresc ^vll peptide 



T= lt cv S -2 S ] fluorescein peptide I (0-58 ml) was added 
0 lM „ o< 50mH drmethoxyfluorescein H-hydroxysuccmimide ester 

" d according to the method described in Anal. Biochem. HI. 

:ir p : : , -° ~ — - - diss ° ive 

some'cracpitated materr.l -nd a further 2.0mg of the 

.„ ,„,.« "in DMSO (0.15ml) was added. After a 
dimechoxytluoresce.n reagen ^ ^ 

fu-ther 2 hours, the product was rsola.ed ny . 

. .nv,r.»t.d with 0.2M Tris.KCl buifer, pH 

ni^idi::: — « „„. t : 

I^rum of the product showed absorbance at SlSnm, consent w lt h 
1 mole/mole dimethoxyf luorescein. 

Jr ^..,r< g 'ry-261«wiTivl1 P*otide_I 

.o . solution of peptide I in water .2«g/ml, . "as added an 
, > accents of 5-maleimido-.osin .Molecular Probes, added as , . 

— — -rr ^:^:tzi:::^: 

J was detected, a further 0.1, eg^alents of 5 -maleimdo-eo^n 
„™ added. «ter a further reaction period of .. 0.5 
Hi 1 content was found to be ,ero indicating compete coupling. 



. -.sl.n^nvl) -.-MrtP. I .^b^'ate C) 



n,.nr««<;»iJV 

To lo,s-2 5 )eosinyl) peptide 1 was added fluorescein 
^soth-ocyanate .Molecular Probes, in OMSO to a final concentration 

£ " .1 and th. reaction incubated at room temperature o.ernrght 

I " e ;. dar, Th, mature ,-as desalted on a colum, of Sephade* 0„ 
in the aar.<. , , xhe uv/ visible spectrum 

-ouilibraced in 0.2M Tris.KCl butter P h 7... Th. IT / 

show . d of similar size at 4 95nm and SS3n m inaicatin, the 

tetramechylrhodamiae moiecies in the peptide. 
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—■i,., of «..-«««» 

- r (ECSI -r. obtained 

3OT5lss OI « na -_---- 3 . ochem . Biophys . MS . comm., 

according t= the method = = ^ - " substrate C, 

U32-H33. more purified sam Pi =. 

a gi£= of K '' Z « nSCil • 

- were inched in Tris.Hd buffer 

Substrates ..^ ^ c ^ ^ o£ blac!t 

?s 7 . 2 and incubatea «cn . £lu= .rescenc. was measured 
m icr=trtra plates «,aos^sms - ^ 

« ,arious time inter- „ . . n * ^ ^ <90 „ d 
5 late reader, ^ ic= „ of =a O.S hours «to 

S3Snm respective^ . „ £otni . linear increase in 
alio,, it is beiievea.a st.o £ot substrate A in 

— 0b " 1Ma . ."I L i with no ensyme present, and also 
rigu „ This also snow, . ^ rf E=E , to , 

the effect of adding phosphoramidon , 
final conc.ntr.cion of 0.3«. 

or =er unit time calculated for 

T v, a 0 =>-cer-tage conversion ?ei 

,ach substrat . - - ^ Jlrf ^ b y high pressure liquid 

Preparation or =.C- on 3 ^ ^ ca „„ 

chrom.atogr.phv ^"^^ ef the three substrates were 

conversion per riour. 
thereby found to be: 
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Position: 

N- terminus Cys-2 6 



Activity 
(big-ET=l) 



,ub.««. » »«».thylrhod«dn. fluorescein 
sub ,««eB ^« to xv tl u.r..cin fluoresce!, 

0.10-0-15 

eosm 

substrate C fluorescein 

~,e th-ee substrates show very different levels of 
_ ^ indicates that the method of the invention .ay be 
~ s , invests the activity of «r P-tease substrates 
e^ioying different fluorophores and acceptors. 



n«r, a r 5 -:on - — riptides 



big endothelin-1, with 
Glu-25 changed to Cys : 



K.His . Leu. As 



. :i .. I X..Tr P .v. l .A».T te .Pr..=V..Hi..v.l.V. 1 .P».Tyr. 0 ly. 



Leu.Gly.5er.Prc.Arg 



,OK (Peptide I) 



H . Arc . a: 
(Peptide II) 



staphylococcal V8 protease: 

.n.lle.Thr.Glu.Gly.Glu.Ala.Arg.Gly.Ser.Val.C/s.Leu.OH 



- a „r T" wer<» synchesised on polyamide 
Th» above peptides i anc I- vver_ -y 

..in, con-c^X ^oc a—*- * — 
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Phase Peptide 



nthesis. E Atherton and R C Sheppard, IRL Press, 1989. 



^ . solution of pept.de II in water (2.5 «g/«l) was 

• «i -r -mount of 5-maleimido fluorescein (Molecular 
-H^»ri an eauimol&r amount. , 

.ddoa « soiution in DMS0) . A fter 10 minutes at 

Probes, aaaea « - ■ - ^ ^ and the 

« m «atu« 0-3 volumes or 0.1M JaHCO , p» 
r °° m ""* eratu "' . . . 15 minutes . A samp le was assayed for 

solution incubated ror a iur,.ner -5 mm 

•na -Oman's ^agents-, this gave 98% loss of thiol 
i-hiol content using oilman s — y 
indicating essentially complete coupling. 

^^^^ 

'"'"'•rate D) 

^ 1^-13] fluor..ceinyl peptide II was added 40mM 
:, cr _c^rhodamine isothiocyanate (Molecular Probes, isomer G) xn 
" " a -, na l concentration of ,.3 m and the reaction m.xture 

DMSO to give a .inal c~nc_ ^ 
,.. aH ^ oon temoeracure overmgnt m the aa-K. 

incub - d .; ;:; . ot - The 

::*r: =e ^ ^ * « ♦»«- — mm 

zr A tetram.chylrhodamine mcities in the peptide. 



iuorescein an 




• _ rr .— a n (ca 0.S micromolar in 0.2M 
To a soiution or suostr^'-e D ica 
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a-1 bufe- »K 7.2, 0.6ml) in a fluorescence cuvette was added V8 
io^o^i." 300 units, and the increase in fluorescence 
Litcred i„ a .pex ?1 uoro m ax nuo.metar w.th excitation at and 
„<„ ion at sis™, and with an 00 1 - 0 neutral density filter and Snm 

widths. The incubation was performed at ambient temperature. 

Piou-e 2 shows the increase in fluorescence obtained. 
T ve reason plateaus at a leva! ca 6 . 3 times higher than the inrt.al 
l^el burning complete conversion of substrate during the 
Incubation, this i-lU. that the substrate o was =a .« quenched. 

This shows that substrate D is a useful substrate for the 
estimation of the staphylococcal VB protease. 



CLAIMS : 



, „.--od for the preparatron o£ a polypeptide substrate for 
, -,-v-ge hav<ng a donor or acceptor species attached via a 

- donor or acceptor species with a polypeptide substrate 

having "a srde Cam of an amino acid therein adapted for reaction 



therewith. 



> for the preparation of a polypeptide su.str.te 

cr proteolytic cleavage having donor and acceptor species on opposrte 
" - r.olvcic cleavage site and wherein the donor and/or 

•"** OI t D ec°-s ar- attached via the side chain.s, of amino acid.s, 
T Z'l - - arises contacting a reactive donor or acceptor 
. i n a Peptide su.str.te having a corresponding donor or 

- . side ^ * - — - — 

- „..hod for the preparation of a polypeptide su.str.te 
" - a r-pntor soecies on opposite 

for proteolytic cleavage having conor and acceptor s 

, crc-cly^c cleavage site and wherein the donor .nd/or 
. D .ci-s a-e attached via the side chain.s) of amino .=r=(s) 
"".eh -thod comprises contacting a reactive donor or acceptor 
so .cr-s wrth a Polypeptide substrate having the side chain.s, of amino 
.crd.si th^ein adapted for reaction therewith, the pclypeptrae 
tittrlte'llready hearing the corresponding donor or acceptor specres . 

, _,,od as claimed in any one of claims 1-3 wherein the 
site (s) for attachment of reactive doner and acceptor species are 
provided by amino and/or thiol groups. 

r .echod as cl.rmed in any one cf claims 1-3 wherein the 
°' . . - n mi ,o .oid in the polypeptide substr.te for re.otron 

^ « — — * ^ 



sides of a 
acceptor 
therein * 
soecie 
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• od for th- oreparat.on of a poiypeptide FRB subs.r.ce 
a \aving donor and acceptor specie, o. oppose 
for prcreoiytic cieav.ge ««« ^ a „ d/or 

51des . - — — 

acceptor species a.e actWs donor or acceptor 

— . — — — ises rr; ; i — .< - — 

spec.es -itb a POlVPepci- — ""^^ thereuith and Chen 

contacting =n ammo y 

with a corresponding donor or «*« 

■„ substrate for proteolytic cleavage having a 
, poiypepc.de substrate P ^ ^ ^ ^ 

donot „ acceptor species attached vr. 



therein . 



, eDC ide FRET substrate for proteolytic cleavage 
A polypeptide FRfc* proteolytic 

:;i - — ' — - 

, ^ -BT substrate for proteose cieavage 
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